Since road transport is a dominant necessity for the overall economic development of any nation, the Environmental Impact Assessment (EIA) has been conducted on the soil environmental component to evaluate the effect of the activities of road construction on the project area. The main purpose was to identify any potential significant environmental effects due to the proposed project and proffer mitigation/ameliorative measures. The electrical conductivity value of this soil is non saline. These values are within the tolerance levels for plant growth. The exchangeable cations (bases) (Ca, Mg, Na and K) of the soils of the study area are high and the exchange complex is dominated by Ca (surface soils, 3.54 cmol•kg 
; subsoils, 0.11 cmol•kg −1 ) and Na (surface soils, 0.06 cmol•kg −1 ; subsoils, 0.16 cmol•kg −1 ). The percent saturation of basic cations on the sorption sites of the soil micelles which is forced into soil solution where they are assimilated is above 70%. The only notable challenge in this soil area is that potassium availability to plant has been shown to be limited by excessive quantities of exchangeable calcium. The beneficial impact from activities of road construction project is mostly socio-economical. The non-beneficial impacts as it pertains to soil resources include: land uptake and destruction of farmlands, land traffic generation, waste generation, soil pollution and runoff during construction.
Introduction
Uyo-Etinan road dualization project is about 19 km road network from Nung Oku Ikono junction. Soil sampling carried out on ten (10) geo-referenced stations, and these pedon units were assigned as sample identification SS1 -SS10.
Description of Soil Units
The soil type of the area is Ultisol and is classified as Typic Paleudult [1] , having soil units intricately associated together that cannot be demarcated from the other surveys, except in a very detailed soil survey [2] . Even though the geomorphic units have relatively uniform parent materials, the near flatness of the area renders surface recognition of likely boundaries between soil units. No attempt was therefore made to demarcate the soil boundary by taking sufficient soil observations. What was done was to traverse the site and identify as much as possible the major morphological soil units. In this process, a total of forty (bulk and core) samples (top and bottom) were fully sampled and analysed.
Materials and Methods of Study
In a bid to capture sufficient baseline data of Uyo-Etinan road dualization project, sampling strategies were planned based on certain considerations, which included but not limited to:
1) sampling to obtain baseline data on the specific soil environment of the proposed activity.
2) capturing the potential effects that may be caused by the proposed activity and;
3) sampling strategy that allowed for good coverage of the land resources, which abound in the areas of study.
Field and laboratory protocols for soil studies were carried out in order to obtain information that was adequate and suitable for achieving valuable results. Accordingly, the field and laboratory methods adopted were as described here.
Field Methods
The project is considering road dualization along Uyo-Etinan axis. The location 
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OALib Journal judgment (based on the above considerations) and systematic samples were adopted. Ten sampling stations were distributed, in a stratified random manner, to cover the proposed site for the road dualization project.
In addition, considerations were given to all the observed soil morphological types. The sampling stations were coded SS1, SS2, SS3, SS4, SS5, SS6, SS7, SS8, SS9, and SS10. Furthermore, another set of core samples were collected for determination of bulk density, porosity, and saturated hydraulic conductivity (Ksat). Soil samples were collected from randomly selected geo-referenced and spatially distributed spots in the study area along the transect lines at two depths (Surface: 0 to 15 cm and sub-surface: 15 to 30 cm) in each sampling point using a Dutch auger ( Figure 1 ) and core samplers. Samples were stored in labelled polyethylene bags for physical and chemical analysis. The samples were qualitatively transported to the laboratory for further processes. All samples were chained custody in the field to facilitate tracking of the samples from the field and the laboratory. On the whole, forty (40) soil samples were collected and transported to the laboratory for analysis. 
Laboratory Methods
Analysis was carried out on soil samples for particle size distribution, bulk density, porosity, and Ksat, pH (soil reaction), electrical conductivity, organic C contents, total nitrogen, available phosphorus and exchangeable cations (K, Ca, Mg and Na), effective cation exchange capacity and percent base saturation.
Particle-Size Analysis
The Bouyoucos hydrometer method [3] , as reported by Gee and Or [4] , was used for the soil particles-size analysis. Fifty grammes of air-dry soil, which has been passed through a 2 mm sieve, was transferred to a stirring cup. To this was added 50 ml of 5.0% sodium hexametaphosphate (dispersing agent) along with 100 ml of distilled water and mixed with a stirring rod. After allowing the soil sample to set for 30 minutes, the soil suspension was stirred for 15 minutes with a multimix machine and then transferred from the cup to a glass cylinder. With the hydrometer in the suspension, distilled water was added to the 1000 ml mark.
After the hydrometer was removed from the cylinder, the top of the cylinder was covered with the hand and inverted several times until all soil was in suspension.
The cylinder was then placed on flat surface and the time noted. Immediately, soil hydrometer was gently placed into the suspension. The first reading on the hydrometer was taken at 40 seconds after the cylinder was set down. The hydrometer was then removed and the temperature of suspension recorded with a thermometer. After the first hydrometer reading, the suspension was allowed to stand for 2 hours and the second reading taken again, followed by the recording of the suspension temperature. The first reading measures the percentage of silt and clay in suspension, while the second reading indicates the percentage of clay in the suspension. Percent sand was obtained by the difference. Correction was made for temperature and added dispersion agent.
Bulk Density
Bulk density was estimated from the methods described by Grossman and Reinsch [5] . To obtain the core samples, each of the cylinders were driven into the soil horizons (of desired depths) by hitting a piece of wood placed on top of the cylinder such that the cylinder did not tilt at any point. Soils around the cylinder's bottom and mouth were trimmed as soon as the cylinders with soil were excavated. The bottom of the cylinder was covered with a piece of cheese cloth that was held in place with a rubber band and then labeled. The soils were carefully transported to the laboratory and thereafter oven dried to a constant weight at 105˚C and calculated from this model
where, Bd = bulk density (g/cm 
Porosity
Porosity (f) is a measure of the volume percentage pore space and is derived from measurement of soil bulk density (Bd) and the soil particle density (Dp).
Since Dp represent the ratio of the mass of dry soil to the combined volume of solids and pores, the ratio Bd/Dp will give the volume fraction of occupied by the solids. The fraction occupied by the pore space is therefore calculated as follows:
where, Dp = particle density Bd = bulk density f = total porosity. The result is expressed in percentage.
Saturated Hydraulic Conductivity Ks (Laboratory Measurement) Constant Head Permeameter Method
Saturated hydraulic conductivity (Ks) was determined using the same core used for bulk density by adopting a constant head permeameter method of Klute and Dirksen [6] . This method determines the Ksat of cylindrical, 7 cm internal diameter by 7 cm long core of soil. The soil was first wetted to near saturation by capillarity and then water was flowed through the soil at a steady rate under a constant hydraulic head gradient. The quantity of water discharged during this period was measured in a pre-determined time interval, depending on the porous nature of the soil, until a constant quantity of water draining through the soil is attained and the value was used in calculating the Ksat of the soil from this equation:
And 
Soil pH
The soil pH was determined in water (1:2.5 soil to water ratio), with the aid of a Glass-electrode pH meter. Twenty grammes of air-dry soil (passed 2 mm sieve) was weighed into a 50 ml beaker and 20 ml of distilled water added to it. This was allowed to stand for 30 minutes and stirred occasionally with a glass rod.
Following this, the electrodes of the pH meter was inserted into the partly settled suspension and the pH measured. The pH meter was calibrated with pH 7.0 and pH 4.0 buffer standards before use.
Electrical Conductivity
The soil electrical conductivity was determined with the aid of a conductivity meter. The suspension used for the soil pH determination was filtered and the electrical conductivity was determined on the filtrate. Calibration was first carried out using standard potassium chloride solution.
Organic Carbon
Organic Carbon in soil was determined by the Walkley-Black method as described by Udo et al. [7] . A representative soil sample was ground to pass through 0.5 mm sieve and 1.0 g weighed out in duplicate into 250 ml Erlenmeyer flask. Ten milliliters of 1 N K 2 Cr 2 O 7 solution was pipetted into each flask and swirled gently to disperse the soil. Twenty milliliters of concentrated H 2 SO 4 was then added to the suspension and then vigorously for one minute for effective oxidation. One hundred milliliters of distilled water was then added to the contents of the flask after allowing it to stand for 30 minutes. Three drops of ferroin indicator was added to the solution and titrated with 0.5 N ferrous sulphate solution. The end-point was indicated by a sharp colour change from blue to red in reflected light against a white background. Percent organic carbon in soil was calculated based on titre values.
Total Nitrogen
Total nitrogen in soil was determined by the macro Kjeldahl method [8] . A representative soil sample was ground to pass through 0.5 mm sieve and 5.0 g weighed out into a dry 500 ml macro-Kjeldahl flask. Twenty millilitres of distilled water was added and then swirled for a few minutes before being allowed to stand for 30 minutes. To this was added one tablet of mercury catalyst and 10 g of K 2 SO 4 , followed by 30 ml of concentrated H 2 SO 4 . The flask was heated at low heat on the digestion stand until water was removed and frothing ceased. The heat was then increased until digest cleared after which the mixture was boiled for 5 hours. One hundred millilitres of distilled water was added to the digest after it had been allowed to cool and then transferred into a bigger (750 ml) macro-Kjeldah flask with the sand particles retained in the original digestion flask.
The sand residue was then washed with 50 ml of distilled water four times and the aliquot transferred to the 750 ml flask on each occasion. Fifty millilitres of H 3 BO 3 indicator solution was measured into a 500 ml Erlenmeyer flask and placed under the condenser of the distillation apparatus. The 750 ml Kjeldahl flask was then attached to the distillation apparatus and 150 ml of 10 N NaOH poured through the distillation flask by opening the funnel stopcock. Distillation was then commenced and 150 ml of distillate collected. The ammonium nitrogen in the distillate was determined by titrating with 0.01 N standard HC1 with the end-point being indicated by a colour change from green to pink. The percent nitrogen content of the sample was obtained by calculation.
Available Phosphorous
Available phosphorous in soil was determined by the Bray No.1 method [9] . One gram of air dried soil, which has been passed through a 2 mm sieve was weighed into a 15 ml centrifuge tube and 7 ml of the extracting solution of NH F and HC1 added. This was first shaken on a mechanical shaker for one minute before being centrifuged at 2000 revolution per minute for 15 minutes. Two millilitres of the clear supernatant was pipetted into a 20 ml test tube and 5 ml distilled water added followed by 2 ml of ammonium molybdate {(NH 4 ) 6 MO 7 O 24 } solution. The content was mixed and one millilitre of stannous Chloride {SnCl 2 •2H 2 O} dilute solution was added and mixed again. After 10 minutes, the percent transmittance of the solution was measured on a spectronic-20 spectrophotometer at 660 nm wavelength. The available phosphorous concentration in soil was then calculated with reference to a standard curve of optical density of standard solutions against available phosphorous concentrations.
Exchangeable Cations
Exchangeable cations Ca, Mg, K and Na in soil samples were determined as described by Black [8] . Five grammes of air-dried soil, which has been passed through a 2 mm sieve was transferred into a centrifuge tube. To this was added 30 ml of 1 N NH 4 OAC and shaken on a mechanical shaker for 2 hours, then centrifuged at 2000 revolution per minute for 5 minutes. The clear supernatant was decanted into a 100 ml volumetric flask and another 30 ml of NH 4 OAC solution was added to the residue, shaken for 30 minutes and centrifuged. The supernatant was transferred into the same volumetric flask and the step repeated again before the flask was made up to mark with the NH 4 OAC solution. Potassium, Sodium and Calcium were determined from the supernatant with the aid of a flame photometer, while magnesium (Mg) was determined by atomic absorption spectrophotometry. Consideration was taken of the dilution factor in concentration calculations.
Effective Cation Exchange Capacity and Base Saturation
Effective cation exchange capacity (ECEC) was obtained by addition of the values of exchangeable bases and exchangeable acidity. Base saturation was expressed as the fraction of the negative binding sites occupied by exchangeable cations. It was calculated by summing together the levels of Ca, Mg, K, and Na found in the soil, then expressing this sum as a percentage of the ECEC value as follows:
( ) 100 Ca Mg K Na
where BS represents base saturation (%).
Results and Discussion

Particle Size Distribution and Morphological Characteristics
The particle size distribution is a fundamental index of soil physical properties.
Knowledge of this property allows prediction of many other soil properties [10] .
In general, the soils of the humid tropics are subject to intense rain storms which often cause clay eluviations with resultant tendency toward coarse texture in the surface horizons. The physico-chemistry of soil samples from field ( Table 1 and and 7.78% respectively. Normally, soil fertility increases with clay content because of the large surface area. Thus the production capacity of these soils is low.
The bulk density varied from 1. Where S = sandy, LS = loamy sand, CV = coefficient of variation. The soil volume consisted of pore space, and the pore space would be half-filled with water and half-filled with air [9] . Actually the total porosity varies slightly with soils at different sampling stations. The locations mostly affected were stations; SS1, SS2, SS4 and SS10, where the average porosity was between 14% and 26% higher than optimum.
This implies that runoff and erosion losses of soil and nutrients are occasioned by excessive and tortuous pore spaces when surface water is restricted from moving through the soil. Plant, tree and forest ecosystem are particularly sensitive to increases in porosity. The anthropogenic activity of the area generally disturbed configuration of the pore spaces especially in the subsurface soil.
This level of pore distortion at these locations may result in yield reductions, deplete respiration by plant root especially under wet condition and alter many soil reactions, in turn many soil properties.
Furthermore, the readiness of the soil to allow fluid to pass through it accounts for its permeability [11] . Figure 2 showed the saturated hydraulic conductivity (Ksat) distribution of soils at different locations along Uyo-Etinan
Road. The Ksat rate of this area is most responsive to conditions near the soil surface and changes drastically with depth. According to Sarrantonio et al. [12] , Ksat is rapid into large continuous pores at the soil surface and decreases as the size of these pores is reduced. Hillel [13] reported that the coarser size fractions acted as an energy source for saturated hydraulic conductivity Ksat. The trend of accumulative saturated hydraulic conductivity of soils is continous higher on the surface soil compared to the subsurface. The soils at locations 3, 4, and 5 exhibited the highest non-equal uniformity permeability and the least impermeable permeability classes. Edem et al. [14] found that a continous flux of Ksat on the surface soil without a corresponding flow in the subsurface during rainstorm will lead to immediate over-land flow in less than 30 minutes of storm due to proportion of silt to clay ratio.
Soil pH (Reaction)
Soil reaction which is given in terms of pH value is a measure of the free hydrogen ion (H + ) concentration of soil solution. The value of the free H + concentration in a soil influences the availability of nutrient elements and biochemical reactions in the soil [15] . In strongly acidic soils for instance basic cation uptake by plant roots is inhibited [16] . Beneficial soil micro organisms are affected by soil reaction [17] . The pH of the soil of the Uyo-Etinan dualization road (Table   3 and Table 4 ) ranged from strongly acidic to slightly acidic. It ranged from a very strong acidic value of 4.7 (sample stations 8) to strongly acidic value of 5.3
(sample station 2) at the surface level and from 4.2 (sample station 8) to 5.7
(sample station 3) at the sub surface level. Soil pH is often considered in terms of the soil capability and suitability to support plant growth. The pH of 4.8 is set as the lower limit for optimum growth of plants, and conversely the pH of 9.5 is regarded as the extreme upper limit of alkalinity at which plants can still grow [18] . Even though the soil pH value of sample stations 7 and 8 (subsoil) is short of this limit, the coefficient of variation among sampling stations is low, thus the soil pH of Uyo-Etinan dualization road can support plant growth.
Electrical Conductivity
The electrical conductivity of a soil indicates the total ionic strength (anions and cations) of such a soil. Low total ionic strength in a soil indicates low dissolved 
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Ksat-Subsurface ) in the saturated soil extract [19] . 
Total Organic Carbon (TOC)
Soil
Total Nitrogen
Total nitrogen content of the surface soil in the study area is low (<0. 
Phosphorus
Phosphorus is one of the nutrients that is very essential for plant growth. However not all the total phosphorus in the soil is available for plant uptake [21] .
This is because phosphorus occurs in soil matrix either in the occluded or solution form. Only the solution form of phosphorus is available for plant uptake.
Most of the phosphorus in tropical soils that are available for plant uptake is induced by microbial activities in the soil. Thus phosphorus availability is also af- at the subsurface level.
The Exchangeable Cations
Cation exchange is important reaction in soil fertility; in correcting soil acidity and basicity, in altering soil physical properties and as a mechanism in purifying percolating waters [22] . The exchangeable cations (bases) (Ca, Mg, Na and K) of the soils of the study area are high and the exchange complex is dominated by Ca (surface soils: 3.54 cmol•kg 
Impacts and Mitigation
The beneficial impact from the activities of road construction project is mostly socio-economical. More job opportunities will improve income and probable introduction of indigenes with new skills and prospective. The non beneficial impacts as it pertains to soil resources include:  Destruction of farmlands Ordinarily, a major impact of road construction on soil resources will be occasioned by land-uptake and destruction of farmlands along the 19 km stretch.
Of necessity, some farms will have to be destroyed while grading the road. According to National Road Authority (NRA) [24] , the entire civil construction activities will involve cut and fill process generally involving the stages of: 
Conclusions and Recommendation
In conclusion, the dynamics of soil properties including the prevailing environmental conditions and anthropogenic impacts, account for variations in the studied areas. This study provides valuable insight on the spatial and temporal patterns of soil properties along Uyo-Etinan road. The test results of base saturation and effective exchanged cations confirmed the significant availability of nutrients to both plants and micro organisms. The percent saturation of basic cations on the sorption sites of the soil micelles which is forced into soil solution where they are assimilated is above 70%. The only notable nutrient challenge in this soil area is that potassium availability to plant has been shown to be limited by excessive quantities of exchangeable calcium.
The significance of the impacts has been duly assessed through standard field and laboratory methodologies, predictive modeling as well as desk reviews. The EIA has demonstrated that the overall impacts associated with soils along Uyo-Etinan road dualization project can be managed within reasonable and acceptable limits by applying all identified mitigation measures contained in this report. In consideration of the above, all major environmental issues related to soil resources would have been properly mitigated.
